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t Transmission and Air used for 
Tnspectionr of Glovebox Gloves 

Abstract: 
An analysis was conducted of the glovebox gloves obscure polymer material using a 
inspection light table. The fixture is equipped with a central light supply and small air 
pump to inflate the glove and test for leak and stability. A glove is affixed to the fixture 
for 360-degree inspection. Certain inspection processes can be performed: 

1. Inspection for pockmarks and thin areas within the gloves. 
2. Observation of foreign material within the polymer matrix. 
3. Measurements could be taken for gloves thickness using light measurements. 

This process could help reduce eyestrain when examining gloves and making a judgment 
call 011 the size ofnraterial thickness in sonie critical areas. Critical areas are fingertips 
and crotch of fingers. 
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Light Transmission and Air Used For 
Inspection o f  Glovebox Gloves 

Jyljo M. Castro, Warren I]. Steckle Jr., 
Joliii M. Macdonald, Kennard V. Wilson Jr. 

I,OS Alamos National Laboratory 

Introduction 

Various matcrials used for manufacturing the glovebox gloves are translucent material 
such as hypalon, rubbers, and neoprene. This means that visible light can be transmitted 
through the iiiside of the material. Performing this test can help to increase visualization 
of the integrity of the glove. Certain flaws sucli as pockmarks, foreign material, pinholes, 
and scratches could bc deteded with increase accuracy. 

Description 

This inspection is perforincd wilh the illumination from within the glove by a 300-watt 
halogerr light through a lens. The glove is placed on a fixture where the glove is secured 
into place with a clamp. Once the glove is secured, a small amount of air is used to 
iiiflatc the glove to 68.95 mbar (approximately 1 Ib/sq. in.). The small amount of air 
assists in two ways: 1) assists the glove to stand upright €or observation and 2) allows the 
material to stre tcli for better observation and iiispection for possible pinholes. 
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Figlire 1 
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The light energy is affixed to the glove port section of the table. This allows the 
technician to view the glove 360 degrees ibr better observation. The light produced from 
the 300-watt light inside can be measured on the outer surface of the glove with a light 
meter. ‘Ihe illiinrination produced from light within the glove is measured. This is used 
to determine [lie i hickness variation within the glovc at different locations, (i.e. finger tip, 
crouch and palm). Tire nicasurcment is then taken. A rcading from the inside is the 
differel~ce bctwcen the illuminations on the outside. The thickness variation of the glove 
can be determined by cillculaling the di rfereiice of the illuniination of the two locations. 
The arlrcas are marked with it grease pciicil or a markcr that is removable. Once the air 
prcssurc test is cuntpleted, the areas thai were suspected to be thin were then gauged. 

The light also assists in locating imperfections within the glove that could cause glove 
deterioration. Ccrtain 1 tnperfcctions ~ r c  cnibedded material and pock marks. Although 
some foreign material in sinall q‘vrantitics is allowed, there are also areas where a large 
amourits of foreign material iirc located that could weaken the structure of the glove. 

Quality Control 

During vimal glovl: inspections a technician observe and runs hidher hand through the 
glove to feel Tor tSeFecis within the glovc. Although some of the pockinarks may not be 
so obvious as shown on Figure 2 and 3 ,  lhese could be weak areas that could cause an 
exposurc concerri. The glows when visually inspected could be over looked or within 
toleramct:. When obscrved by tlrc light table, insignificant pockmark like Figure 2 and 3 
are more obvious. ‘rhi:r is lilrihcr detailed in the “‘Observation with Light” section of this 
report. 

Thin Wall Pockmark 
FigUrc: 2 

Pockmarks 
Figure 3 
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The following are images of a typalon glovc that is illuminated using an inspection light 
table. 'llie glove slrows up with different arcas illuminated. These areas are checked 
wjth a lighi meter, marked, and thc thiclaness is then checked with a digimeter. There is 
no correlation 1)elween thc thicknesses of the material to the brighter the area on the 
materi: 11, 

Glove on l i i s~~cct io~~ table 
Figiirc 4 
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Inspection Light On 
Figure 5 
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Front sick irnage of glove 

Figuse 6 Figure 7 

Backsidc image of glove 

Figure 8 Figure 9 
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Obseirviition with Light 

By observing or iirspccting the overall glovc with a light, the pockmark can become 
obvious. The figures below show what the pockmarks would look like with the light 
from the inside oftlhc glovu. Although some of the pockmarks may be small and tensile 
strength miiy bc observed to be higher than normal, these could be vulnerable and prone 
to weakening when jii contact with ti harsh working environment (Le. chemicals, 
mdiatiou, c tc .) . 

Julio Castro 

Embeddetl I:areigti Material 
Figure 12 
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Pock Marks 
Figure I 1  
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Transmission Losses 

When light passes bctwccn two materials of diEferent refiactive indices, a predictable 
amourif, UT reflection losses can be expcctcd. I~resriel's Law quantifies this loss. If nl = 

1.5 betwcen air ai-d glass, tlxn PI == 4% Cc)r each surface. Two filters separated by air 
transmit 8% less tham two connectcd by optical cement (or even water). Precision optical 
systems use h s t  strrlhce mirrors to avoid rckction losses from entering and exiting a 
glass s u l ~ s  tratc layer. 

1,ight reflecting ~ f f  o f  ia polishctl or ~tiirrored surface obeys the Law of Reflection: the 
angle bctweeii the incidcr1t ray and the normal to the surface is equal to the angle between 
thc refccted ray and the norinal, 

Prccisiot-1 optical systems usc Lirst surface mirrors that are aluminized on the outer surface 
to avoid refraction, disorptiow, and scatter from light passing tlirough the transparent 
substrate l'ouikd in >;ecot~cl wirfacc mirrors. 

Law of Reflection 
Vigiire 14 
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When light obcys the Law of McIlectioii, it is termed a specular reflection. Most hard 
polished (shiny) surfaces art: primarily specular in nature. Even transparent glass 
specularly reflects a portion of incoming light. 

Difruse rcflection i s  typical ofpriiticulatc substanccs like powders. If you shine a light on 
baking flour, for emamnple, yoii will not sec a directionally shiny component. The powder 
will appair uni rorrrily bright froin every direction. 

Many refections arc a combiiiation of both d i f f k  and specular components. One 
mimifestalion or this is a spread reflection, which has a dominant directional component 
thsit is partially diffused by sixrFace irregularities, 

Julio Clastro Page 8 811 2/02 



Pocltmarlcs are limned by air pockets within the mold arid material matrix when the 
molds are dipped inlo the material. Occasionally pockmarks can also be developed by 
dirt or foreign debris on tlic molds. I'cuckmarks would increase normal tensile strength 
fbr thc glove by 5- LO%, but with hazards such as radiation and chemicals introduced to 
the equation this could decrcasc thc longevity ofthe glove by 1520%. 
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I3asetl on sonic of lhc initial tcsts conducted with an incandescent lamp, we were able to 
see cmbetlded foreign niaterial within the polymer, as seen below in Figure E. Some of 
the ernlscdded rnatcrial is h m  tin-di ssolved or residual polymer material such as butyl 
rubbcr. Altlxough we werc not able to see or inspect the finger areas with the first 
gencration light, with the liryjecior liglit, we were able to observe the entire glove and 
fingers. 13ach one ol'thesc irrethods had a drawback, but in evaluating each one, we have 
been able io progress i o  a inore reliable rncthod. Pockmarks or thin areas within the 
polymer. surface were also observed within the glove. Pockmarks can be difficult to 
observc or measurc. 'I'licsc small arms are, and can be, ix region of fatigue when they 
come into contact lo  chernicttls and radiittion, 

'I'hin Wall Pock Marl( 
Figure C 

Pock Marks 
Figure D 

Embedtlad Foreign Material 
Figure E: 

l%ge 10 8/12/02 



Pockinarks or thin ilreas within the polymer swfitce can be difficult to measure with 
stmdard calipers or oricromctcr:;. Manulhciures us(: calipers called deep throat digimatic 
thickness gaugcs. The thickness gaugc have two !A" flat round plates that make contact 
with the material, which is equivalent to 0- 1963 squarc units. Because a thickness gauge 
canriot be used to measure the depth 01' pockmarks, it is necessary to introduce another 
method o f  inspecting gloves ii)r thin area aid looking for glove weaknesses. This is why 
wc should consider or evaluiite the use o [  light as one of the inspection tools or standard 
for inspecting the glovcs. 

Questloin and lssues 

Based on the observation of the two different products some question and issues come to 
mind: 

Gloves producl are observed with skiations and dark areas thicker than the lighter 

Docs inore light mean thinner material? 
Are the lighter areas weakcx then darkcr areas? 
D; t11e gloves product opaque areas mean inore filler? 
Docs this make the area stronger, or wcaker'? 
Could thi:; mean a problem in the QA ofthe batch? 
Is $,lie viscosity of tlrc batch compromised when morc batch mix is added to the 
laak'? 
An: these ik proh~em with lhc mixing of the material? 
Is the mixing process t s  :;low? Or io fast? 
What about tcrnpcrature'! 
A x  cerlain prochucts not combining with others Like they should? Why? 

tireits'? 
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Figure 17 

List of parts 

I ,  Projector 
2. Plate table 
3, t’reSS11Lr(3 gauge 
4. S’ressurt: regulator 
5.  1 ight sensors - on(: outside 

ACKNOWLEDGMENTS 

The authors wish to tlmnlc the following people for their support in the design of the Light 
inspection table; Ihna  Peterson, Budgeting, B‘CJS-2, Mcllwaine Archer 111, Material, 
Science and Technology, MST-7 a n t i  Richard I). McLellan, NMT-5, TA-55 Machine 
Shop. 

Light Measurement EIandboolc 0 1997 by Alex Ryer 

Julio Gastru Page 12 8/12/02 



August 2002 AGS Conference 

Health, Safety and Radiatioffi Pmtectisn e 

1 

F 
Li 



X* = identifies any translucent product 



No measurements are performed within the 
hand area. 

e Pockmarks are not measured for thickness. 
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Ultimate StrainlinlinE 

Modulus (psi) Toughness Ultimatestress 
(Psi) (Psi) 

uirirnare Hypalon Glove, 8Y3030, Hypalon, 30-mil 1 Strain(infin) 
thin spots(7) I 



thinner areas? Or are 
they areas with less 
opaque material? 

- Does this make the 
material weaker? 
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have more filler? 



Is the viscosity o e batch compromised 
when more material is added to the tank? 
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which means, 

Less Wasted Issue. 


